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AUTOTOMY THE TAIL RODENTS. 


perhaps not generally known that certain species small 
rodents detach portions the tail seemingly voluntary 
manner when they are seized this member. Among the 
mouse-like rodents California such autotomy the tail 
appears most typically exhibited the pocket-mice 
(Perognathus). 

the general practice the writers, probably most 
breeders mice, pick their animals the tail. This 
appendage constitutes convenient handle which mouse 
may lifted, commonly relieving one the risk being bitten. 
But such procedure hazardous the case Perognathus. 
sudden gyratory movement the body, the tail likely 
severed some point its length, allowing the animal 
make its escape and giving the pursuer something handi- 
cap the race. 

The whole performance suggestive what occurs 
many lizards that the question naturally arose our minds: 
Can possible that autotomy, the one case, the 
other, followed regeneration? This course was not 
expected mammal, but the experiment seemed least 
worth trying. any case, the act and its consequences were 
thought worthy brief consideration. 

The species upon which most these observations were con- 
ducted was rather large pocket-mouse, Perognathus fallax fallax 
Merriam, which very common the neighborhood 
Jolla. Despite the frequency autotomy this species, 
soon found that all individuals cannot depended upon 
when desired. Those, particular, which have been 


kept captive for some time seem lose the tendency. More- 
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SUMNER AND COLLINS. 


Perognathus fallax fallax, showing normal condition tail (somewhat reduced). 


over, the act, when does occur, 
sudden that one com- 
monly left wondering how hap- 
rather carefully number 
instances, order that the move- 
ments might some 
cases, the body seemed undergo 
rapid whirling motion, com- 
parable with that rope tied 
one end post and held 
the hand the other. The 
snout and tail, this comparison, 
correspond the points attach- 
ment, the hind quarters the body 
the whirling central portion 
the rope. number individuals 
which did not actually detach the 
tail were found undergo less vio- 
lent gyrations the same sort. 
other instances, however, there 
the appendage, resulting from ro- 
tation the body. yet another, 
where the tail was held down upon 
floor, the detachment was 
effected sudden leap. 

eight cases, which the de- 
tached portions the appendage 
were carefully examined, was 
found that the fracture invariably 
occurred across one the caudal 
commonly near its center. 
The tail likely broken 
almost any point its length. The 
detached portion carries away with 
group tendons such length 
indicate that these have their 
points origin within the body 
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AUTOTOMY THE TAIL RODENTS. 


itself. possibility regeneration the missing part 
the tail was tested fourteen specimens. Some these under- 
went voluntary autotomy, the manner above described. 
others, the breaking the appendage was facilitated the 
observer. mice were all nearly mature, though probably 
most them had not reached the limit growth. 

the first seven specimens, the stump the tail was measured 
shortly after the operation, but the length the body was 
unfortunately not taken. Four these specimens were living 
the end twelve months. three cases, the tail has under- 
gone slight elongation (1-5 mm.), but this was doubtless 
merely ordinary process growth, accompanying the general 
growth the body. the fourth case, the recorded growth 
was mm., though believe this based upon error 
the first measurement. Except for the hair conditions, 
described below, there was evidence restoration any 
part the tail. 

The next seven specimens were dealt with much more care- 
fully. The length the detached portion the appendage 
was determined; likewise that the stump, and the length 
the body from the snout the base the Six this 
second lot mice were living the end nine months. When 
measured then, was found that the tail stumps five specimens 
had undergone trivial increase length, averaging about two 
millimeters. was evidently incidental slight general 
growth the body, since the mean body length, during the 
interval, had increased about four millimeters. the sixth 
specimen, the tail was actually shorter, its condition indicating 
that had been further damaged after the original operation. 

Examination the tissues the tail all the foregoing 
specimens gave suggestion regenerative processes. each 
case, the vertebral column terminated partial vertebra, this 
being evidently the one which was fractured the process 
autotomy. 

There was, however, one very interesting result. most 
the specimens dense tuft elongated hairs had formed the 
termination the stump, the solid core the latter being 


making the latter measurements the animal was etherized. 
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some instances enlarged the end. This tuft was entirely 
new growth, since the middle region the tail normally 
covered with very short hair. the uninjured tail this 
rodent terminates tuft longer hairs (Fig. 
the formation such tuft the point amputation gave the 
appearance restorative process. There are, however, con- 
siderable points difference between the normal and 
the secondary one. The former produced the gradual 
elongation the hair which covers the tail, commencing with 
the posterior third half this member. The restored tuft 
(Fig. commences much more abruptly, sometimes being 


Fic. Tail which has undergone autotomy about midway its length, and 
upon which new terminal tuft hair ha: been produced. 


confined the end the stump. hairs are much longer 
than those the natural pencil, and their pigmentation 
conspicuously decreased, being pale gray the normally black 
dorsal side. 

two instances small lateral tuft was likewise formed, not 
far from the end the stump. one these cases, there was 
found internal injury, corresponding position this 
lateral tuft. 

The capture two wild specimens with truncated tails indi- 
cates that this accident may not uncommon nature. There 
was, course, clue the source the injury. Both speci- 
mens had developed terminal tufts, one these being unusually 
perfect. 

The time required for the formation new “pencil” has 
not been definitely noted. have record its having arisen 
within two months, but also know that more than four 
months may necessary. 
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AUTOTOMY THE TAIL RODENTS. 


The writers offer speculations the physico-chemical 
factors which bring about this excessive growth the hair 
the severed stump the tail Perognathus. 
analogy suggests itself between this terminal tuft and the cluster 
adventitious shoots which arise from the stump tree. 
Possibly the analogy more than superficial. 

How general this process autotomy among the pocket- 
mice can not say. have noted its occurrence only 
one other species, panamintinus bangsi, small desert form 
which the process closely similar that fallax. 

what extent this phenomenon may spoken 
and whether not arose through 
natural selection, are unwilling conjecture. more 
than possible that pursuing carnivore would sometimes 
cheated its prey this manner, since the greatly elongated 
tail might readily seized the claws teeth. The asso- 
ciation between the fragile structure this appendage and the 
peculiar instinctive responses the animal probably not 
accidental. 

phenomenon similar that discussed above, but differing 
essential features, has been observed one species 
Peromyscus (P. rowleyi). This mouse likewise has 
relatively long tail, and undergoes, when this member seized, 
very much the same curious gyrations does Perognathus. 
the former species, however, the are not broken, nor 
indeed the central axis the tail severed all. The skin 
breaks some point its length, and slips off, leaving one’s 
hands the long tubular sheath which covered the appendage. 
This process such frequent occurrence quite charac- 
teristic these mice, which thus contrast strongly with the 
various other species Peromyscus that have observed. 
the subspecies maniculatus, for example, have never 
observed the detachment any portion the tail the 
skin, the course handling several thousands these animals. 
Nor have observed any other genus California Muride. 

Peromyscus rowleyi must again note what seems 
significant correlation between structure and behavior. 
The skin the tail breaks and slips off with remarkable facility. 
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Likewise, the animal, when seized this member, makes what 
appear like vigorous and well-directed efforts accomplish the 
severance. maniculatus, the other hand, the skin 


far less easily detached, and the animal has scarcely ever been 
observed undergo either bodily gyrations torsion the 
tail. 

what extent this detachment the skin regarded 
“adaptive which has arisen because its 
utility, regard futile discuss present. single 
observation may cited, which, however, can not regarded 
throwing much light the matter. One specimen 
rowleyi was caught the tail spring mouse-trap, 
the body being uninjured. Under these conditions, the animal 
was unable escape slipping off the skin and died shock 
exposure. the other hand, must stated that consid- 
erable proportion the living mice this species which were 
lifted the tail underwent this mutilation, spite consider- 
able care being taken prevent it. What happens the 
exposed portion the tail after the detachment the skin, 
has not been observed. probably dies and falls off. 


INSTITUTION FOR BIOLOGICAL RESEARCH, 
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THE INTERRELATIONSHIP THE NUMBER 
STAMENS AND PISTILS THE FLOWERS 
FICARIA. 


ARTHUR HARRIS. 


REMARKS. 


survey the rapidly increasing literature must convince 
anyone that the problem the factors which determine the sex 
the organism one such complexity that cannot 
solved the basis any one kind material any one 
method research. 

the flowering plants the same individual may produce both 
eggs and sperm. The relative numbers egg and sperm pro- 
ducing organs may vary from individual individual, from 
flower flower within the individual. 

reasonable assume that definite genetic, morphogenetic 
physiological factors underlie these variations. Any success- 
ful attempt determine these factors and measure their 
influence just truly contribution the wide problem 
the physiology sex the more conventional breeding experi- 
ments and studies the morphology the germ cells. 

The purpose this paper point out certain hitherto 
unrecognized relationships between the number sporophylls 
the flower the ranunculaceous genus 

Heretofore those who have investigated the problem the 
relationship between the number stamens and pistils the 
flower have been content merely determine the correlation 
between the number the two kinds spore-bearing organs. 
Positive correlations this kind should arise the resultant 
any sets environmental factors which tend increase both 
the number stamens and the number pistils certain 
the plants individual flowers and limit the number both 
these organs others. Morphogenetically and physiologically 
seems far greater importance inquire whether the relative 
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ARTHUR HARRIS. 


proportion the two types spore bearing organs correlated 
with the total number sporophylls, which lieu any better 
character may serve measure the total influence in- 
trinsic and extrinsic factors development. 

Several years ago Professor Pearson and (Harris, showed 
that problems this kind can approached determining the 
correlation between the total organs laid down and the deviation 
the number particular kind from the probable number 
the assumption that the proportion the particular kind 
independent the total number. 

The statistical method may course applied experi- 
mental data series determinations made organisms 
developing under natural conditions. 
series are not available. 


former paper showed that the inflorescences 
both Arisarum vulgare and proboscidium there significant 
negative correlation between the total number flowers and 
the deviation the number staminate flowers from their 
probable number the theory proportional distribution. 
Thus the male flowers while absolutely more numerous the 
inflorescences with larger total numbers flowers are relatively 


less numerous than the inflorescences with smaller total num- 
bers flowers. 


yet experimental 


Or, the larger inflorescences tend 
produce larger proportion pistillate flowers. 


this paper the same analytical methods will applied 
the problem the relationship the number stamens and 


the number pistils the total stamens and pistils 
produced the flower. 


II. MATERIALS. 


The materials upon which the coefficients discussed this 
paper are based have been tabled and the chief biometric con- 
stants deduced competent statisticians. The special methods 
upon which the conclusions this paper are based were not, 
however, available the time their calculations were made. 
The results are, therefore, quite new. 

The series employed are the following: 


1-2. series 283 countings number stamens and 
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NUMBER STAMENS AND PISTILS FICARIA. 


pistils Ficaria verna from Trogen and another series 
countings from Gais, published Ludwig Statistical 
constants for both these series have been deduced and_pub- 
lished Dr. Alice Lee 

3-4. series 268 early and 373 late flowers Ficaria 
ranunculoides collected MacLeod and discussed 

5-8. Four series Ficaria ranunculoides collected Galton, 


Weldon, Pearson and others Italy, Guernsey and Eng- 
land. 


III. PRESENTATION 
The means and variabilities number stamens and pistils 
per flower have. been given the papers cited. The only point 
which requires discussion this place the relative variability 


the number the two types sporophylls. This shown 
Table 


TABLE 
RELATIVE VARIABILITIES NUMBER STAMENS AND NUMBER PISTILS 
Coefficient Coefficient 
Series. Number of | of Variation of Variation | Differences 
Flowers. for Pistils. for Stamens. 
Switzerland— 
England— 
505 26.38 16.84 9.54 
Surrey, 500 27.19 17.32 9.87 


The number pistils consistently more variable than the 
number stamens. 

Other workers have shown that there correlation medium 
intensity between the number stamens and the number 
pistils per flower. Their constants, all which have been 
rechecked the course this work, are shown Table II. 
have also added the linear regression equations showing the 
rate increase mean number pistils associated with 
increase the number stamens and the rate increase 
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ARTHUR HARRIS. 


TABLE II. 


BETWEEN NUMBER STAMENS AND Ficaria AND RE- 
GRESSION EQUATIONS FOR STAMENS AND 


———— = — = 


Series. _ of Stamens and | to Probable Regression Line, 
Pistils, Error 
Switzerland— 
4.403 
Belgium— 
5.409 
England— 


mean number stamens associated with increase number 
pistils per flower. 

The regression the number stamens the number 
pistils and the number pistils the number stamens 
shown for three the larger series Figs. 

The empirical means for the Italian series, Diagram not 
conform very satisfactorily the lines given the equations. 
Better agreements between actual and theoretical means could 
hardly found (in series data larger than these) than 
the Guernsey and Surrey series represented Figs. and 

The main purpose the present paper present the results 
the determination the relationship between the total 
number and the number stamens and pistils. 

The correlations between the total number sporophylls and 
the number stamens and pistils are shown Table III. 

expected the correlations between total sporophylls 
and number stamens and pistils are high. 

The constants showing the relationship between the total 
number sporophylls and the deviation the number 
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NUMBER STAMENS AND PISTILS 


Average numbers stamens flowers with various numbers 


pistils and average numbers pistils flowers with various numbers stamens. 


Empirical and smoothed values. Italian series. 


TABLE III. 


CORRELATION BETWEEN TOTAL SPOROPHYLLS AND NUMBER STAMENS AND 
PISTILS AND BETWEEN TOTAL SPOROPHYLLS AND DEVIATION THE 
NUMBER STAMENS AND PISTILS FROM THEIR PROBABLE 


+.139 
+.548 
+.378 
+.477 
+.354 
+.433 
+.487 


VALUE. 
Correlation Between | | Correlation Between | 
Series. Sporophylis and | | | Sporophylis and 
Stamens. 

840 .008 .354 14.99 855 .007 


value. 


.039 
.053 


.024 
.024 
.023 


.024 
Correlation between sporophylls and deviation stamens from their probable 


Correlation between sporophylls and deviation pistils from their probable 


value. 
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ARTHUR HARRIS. 


macro- and the number microsporophylls from their probable 
value are the coefficients critical value. These are also given 
Table III. The correlations for stamens and pistils are 
necessarily equal magnitude but opposite sign. They 
show that the number pistils relatively larger the flowers 
with larger numbers sporophylls. results are consistent 
sign throughout. All the correlations except that for the 
series from Trogen may considered certainly significant 
comparison with their probable errors. 

While the constants for certain the series differ significantly, 
the results are (considering the relatively small numbers and the 
very wide geographical distribution the material) very con- 
sistent. Five the eight series differ from .50 less 
than twice their probable error. the other three series, 
only Professor Ludwig’s Trogen material very aberrant. 

For two the series have determined the standard devia- 


Pistils 


Empirical means and regression straight lines for regression stamens 


pistils and pistils stamens. Guernsey series. 
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NUMBER STAMENS AND PISTILS FICARIA. 


Fic. Explanation Figs. and English series. 


tion the deviation the number stamens (or pistils) from 
their probable value formula published shortly 
They are: 
For Bordighera, 2.1873 
For Surrey, 2.8054 
These values make possible the determination the straight 
line equations showing the regression the deviation the 
number stamens and pistils from their probable values upon 
the total number sporophylls. They are: 
For Bordighera series—Z, 5.2446 .1181 
Here and denote the deviations the stamens and pistils 
from their probable values and denotes the total number 
sporophylls. 
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ARTHUR HARRIS. 


The results are represented graphically Figs. and 
the Italian series, flowers with fewer than stamens and pistils 
are only number, distributed among flowers with from 
28-35 sporophylls per flower. The means this end the 
range cannot, therefore, expected show great regularity. 


28 30 32 34 36 38 40 42 44 46 48 SO $2 54 $6 $8 60 62 


Fic. Regression the deviation the total number pistils from their 
probable value the total number sporophylls. Italian series. 


Flowers with more than sporophylls are only number 
but are distributed among flowers ranging from sporophylls 
per flower. This portion the range has not been included 
Fig. The relationship apparently not quite linear. 

the material from Surrey, shown Fig. the increase 
the relative proportion pistils associated with increase the 
total number stamens and pistils could hardly better 
represented than the slope the straight line indicated 
the equation. 
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ARTHUR HARRIS. 


IV. RECAPITULATION. 


The present study deals with the problem the relationship 
between the total number sporophylls laid down and the 
relative number stamens and pistils the ranunculaceous 
genus Ficaria. 

Constants have been deduced for eight series published 
data from Italy, Switzerland, Belgium, Guernsey and England 
not hitherto analyzed the methods now available. 

flowers with larger numbers sporophylls the pistils are 
relatively more numerous than the stamens. The high degree 
consistency the results drawn from such wide range 
habitats indicates that the relationship one real morpho- 
genetic significance. 

earlier paper has been shown that Arisarum the 
relative number pistillate flowers increases the total number 
flowers becomes larger. 

least suggestive relation the problem the 
physiology sex that both these very different forms the 
number macrosporophylls becomes relatively larger the 
total number sporophylls increases. The relationships may, 
however, have embryological explanation. Only further 
uivestigations will justify final conclusions concerning the cause 
the relationship demonstrated. 
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SOME OBSERVATIONS ARTEMIA GRACILIS, THE 
PRINE SHRIMP GREAT SALT 


ALBERT JENSEN. 


Very has been made the animal life 
Great Sa!t Lake. This probably because popular literature 
still read that living can exist the the 
lake, because the few forms adapted such life have failed 
interest scientists. iar the authoi knows, attempt 
has been made make complete scientific classification 
the lake fauna anv extensive research work it. The 
brine shrimp, Artemia gracilis, one the lake furms, small 
crustacean great abundance. 

referring the literature the subject, und that Cap- 
tain Bonneville wrote short descriptions his explorations along 
the shores Great Salt Lake, mention small animals 
the water, probably the brine shrimp, early 
Fremont also states rowing island the lake where 
found what called insects washed upon the shore 
great heaps windrows three four feet wide, and many 

nimals living the water. Verrill described the brine shrimp 
Artemia gracilis 1869. Seven years later Dr. Siebold, 
Munich, obtained through Dr. Hagen, Cambridge, Mass., 
quantity dried mud from Great Salt Lake which contained 
fertile eggs Artemia. These eggs were hatched artificially 
prepared brine and shrimps therefrom. Siebold succeeded 
propagating for several generations and was quite 
convinced that this crustacean reproduces parthenogenetically 
well sexually. Packard ascribes abundance this 
phyllopod Great Salt Lake the absence enemies. Further, 
after examination specimens concluded that 
later described species are merely different stages the same 
species and should included under the first described form, 
Artemia gracilis. late 1889 David Starr Jordan stated 


Contribution from the Laboratory the University Utah. 
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THE BRINE SHRIMP GREAT SALT LAKE. 


that the lake water was salty that life could exist 
except the brine shrimp. Gilbert suggests that the presence 
Artemia mystery for its ancestors may have lived the 
fresh water the basin and have transformed with 
saltiness the iake. Talmage observed that the little phyllopod 
existed great numbers the lake, especially between the 
months May and October. states having collected them 
the midst winter when the temperature was far below the 
freezing point fresh water, and from the evaporating ponds 
the salt works, where the brine was near the point saturation. 
was able keep them alive for several davs various dilu- 
tions lakewater, and noted that they would even live for some 
time distilled water. further observed that repeated 
washings fresh water for five minutes removed the brine 
completely that salt had added make them palatable 
tood. 

The adult Artemia, Plate I., has small head carrying 
single black median eye (ocellus), pair large stalked com- 
pound eyes, two pairs one pair mandibles and 
pair maxilla. The second pair the female are 
short and pointed, while those the male are large and broad, 
Plate II. The thorax bears eleven pairs legs which are leaf- 
like structure and serve swimming organs and for the 
attachment the respiratory organs. The abdomen long, 
composed eight segments without appendages. number 
bristles are found the terminal segment. The ovisac 
roughly bottle-shaped, being rather short and broad and 
attached the first and second abdominal segments. 

The cesophagus short and leads the stomach, which 
situated the head. stomach divided into two lobes, 
each which receives duct from the liver. The liver two- 
lobed and lies the head anterior the stomach. The intestine 
straight tube. The division extending through the thorax 
twice large that passing through the abdomen. The 
intestine includes well-marked rectum, which provided with 
constricting circular muscles. The cvaries are located the 
first and second abdominal segments ventral the intestine. 
The testes are located the same relative position. The heart 
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ALBERT JENSEN. 


long tube beginning just posterior the mandibles and 
terminating the anterior part the last abdominal segment. 
has valve the posterior end and apparently pair 
valves for each segment, Fig. The blood enters the heart 
through these side ostea and forced out through the ends 
the heart. The central nervous system consists two-lobed 
supracesophageal ganglion front the and just 
behind the cesophagus, between the digestive canal and the floor 
the body, the ganglion, the first chain 
that extends through the body along the ventral side. Nerve 
fibers extend from these ganglia the body and appendages. 


Fic. Last three abdominal segments. Heart; blood corpuscles; ter- 
minal valve; intestine. 


The sexes are separate Artemia. The female 
mm. long, while the male has length 
accomplished means eggs that may may not 

copulating the male claspers are placed around the body 
the female just front the ovisac and thus attached the 
pair may swim about for several days, many five having 
been observed. intervals the male’s abdomen may seen 
bend that the genital appendages come into contact with 
the oviduct. Frequently copulation takes place before the ovisac 
begins show brown color, due the color the eggs, and 
such cases the eggs are retained the ovisac for long three 
days after copulation has ceased. other instances copulation 
does not place until the eggs are brown the ovisac and 
often these are deposited and even hatched while copulation 
still progress. presumed that such copulation too 
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late fertilize the eggs for they have passed from the ovaries 
into the ovisac and are covered with brown shell and are ready 
deposited. These eggs, deposited during April and May, 
hatch within twenty-four hours after being laid. 

comparison these newly deposited eggs with those col- 
lected during the early spring showed particular difference, 
except that none the new eggs were cup-shaped are many 
the winter eggs, Plate III., Examination number 
females showed the number eggs vary between sixteen and 
hundred and twenty. The females deposit their eggs while 
swimming. 

Eggs were collected March and kept the laboratory 
normal lake water for twenty-one days. The room temperature 
apparently had little effect upon the development since nauplii 
were collected the lake three days after individuals were 
observed the aquarium. 

The embryo transforms into nauplius much unlike the adult, 
Fig. Plate III. has blood-red color, median eye 
(ocellus) and three pairs appendages, the first which develop 
into the first pair the second pair are much larger 
and serve swimming organs, while the third pair become the 
mandibles. After few days the second pair, females, become 
shorter, less movable, lose their bristled margins, and are trans- 
formed into small scarcely movable processes, the second an- 
Plate II., the males they also form the second 
which develop into disproportionately large claspers 
with broad Plate II., and are used catching and 
clasping organs. Along with the early development these 
are signs segmentation which followed the appearance 
the thoracic appendages one pair after another until all eleven 
pairs have been laid down. The stalked compound eyes appear 
about the same time the first thoracic appendages. Within 
eighteen twenty-one days the animals reach sexual maturity, 
shown copulation. Sexual differences become apparent when 
the animals aré little more than half grown. The males are 
stronger and more active than the females. 

Siebold’s conclusion that Artemia may reproduce partheno- 


genetically verified observations. Water was taken 
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from the lake before nauplii appeared there, and precautions 
taken eliminate all eggs. Undeveloped females were placed 
this water, where they developed normally and deposited eggs 
similar appearance fertilized ones. These eggs produced 
males and females, which developed normally and far could 
observed could not distinguished from those coming from 
fertilized eggs. large proportion the hatch was females. 
Both methods are evidently used during the summer months. 

According records all the brine shrimps die during 
the winter months, probably due the lowered temperature. 
These observations not harmonize with those Talmage, 
who says: have taken them the midst winter, when the 
temperature the water was far below the freezing point.” 

Statements made Gilbert that the ancestors Artemia 
may have lived the fresh water the basin, led experi- 
ment determine the effect different concentrations salt 
water upon this animal. using distilled water and the 
process evaporation, solutions were prepared having specific 
gravity follows: 


water rated rated saturated 


March eggs were put into the above solutions. March 
30, hours later, nauplii had emerged and were swimming 
about solutions and and they were emerging from 
the eggs. the latter observed the ocellus, also one two 
pairs appendages that were moving trying free the 
body from the shell. April nauplii were emerging 
solution and not until April did the eggs solution begin 
hatch. this date nauplii were also emerging from eggs 
the lake. May few nauplii appeared solution but 
solutions and nauplii had emerged. test the eggs 
these last two solutions were fertile, few were put into 
less dense solution where they hatched solution 


The specific gravities herein given are the uncorrected hydrometer readings. 
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eggs hatched readily twenty-four hours, but the nauplii lived 
only from one three days. However transferring nauplii 
from solutions inclusive brought good results. 
solutions the nauplii, hatched the above, 
lived and developed rapidly maturity. Young and adult 
Artemia transferred solutions and from less dense solutions 
died within five ten hours, the young dying first. Those put 
into solution developed slowly, while those placed irto solutions 
developed quite normally. Solutions and however 
seemed the most favorable for the growth Ariemia. 
They would also develop normally when transferred among any 

Artemia often found great numbers. Fremont writing 
his explorations the lake speaks windrows the brine 
and the pupa cases insects washed upon shore. 
Talmage states having seen the surface the water tinted 
them and also having gathered with tow-net quart within 
few minutes. Indians inhabiting this region used collect 
large quantities the crustacean along with insect larve which 
they dried and used food. 

The brine shrimp vegetable feeder. Near shore may 
seen many masses alga, and along with 
this that Artemia most abundant. This alga and its gelatinous 
secretion forms the principal food for the phyllopods shown 
the fact that they may seen feeding upon it, and can 
also demonstrated their digestive tracts. fact this alga 
seems their only food. 

Artemia gracilis chiefly littoral form, since this zone 
its food most abundant. However these crustaceans have 
been observed Talmage great swarms far out the lake 
where they were carried winds unless they have swarming 
migratory habits. 

There very disagreeable odor encountered upon approach- 
ing the shores Great Salt Lake certain places. This stench 
has been attributed the decomposition the brine shrimp. 
The odor times very offensive, which, some, thought 
dangerous, and result the summer resorts the lake 
are not visited many people who would otherwise enjoy them. 


| 
| 
| 


ALBERT JENSEN. 


The stench due primarily decaying vegetable matter. 
Vessels placed the laboratory containing plant material from 
the lake gave off the characteristic lake odor. Further the odor 
was present the lake early the last March, before the 
appearance Artemia. Again the proportion the phyllopods 
the plant material small make the brine shrimp 
insignificant factor the odor production. 


CONCLUSIONS. 


Winter eggs Artemia kept normal lake water room 
temperature (about degrees centigrade) for period two 
months did not hatch earlier than those the lake. 

The embryo Artemia develops into free-swimming nau- 
plius, much unlike the adult, which passes through series 
stages before reaching maturity. 

Artemia reproduces means fertilized eggs and also 
parthenogenetically. 


Eggs will hatch during the winter well spring and summer 
dilute lake water fresh water temperature low 
degrees centigrade. experiments show also that eggs 
will not hatch solutions concentrated near the saturation 
point. 

Artemia passes the winter months the egg stage. 

Artemia will not live fresh water, but will dilution 
the lake water having specific gravity 1.027. 

Lake water diluted specific g-avity 1.044 1.027 
most favorable for the development Artemia. 

take this opportunity heartily thank Dr. Newton Miller 
for his assistance this work. 
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EXPLANATION PLATES. 


All figures drawn with the camera lucida. 


Adult female Artemia gracilis. 
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Artemia 
Adult (Female) 
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PLATE I. 
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II. 


Head male showing first pair 
Head female showing first pair 
Mandible. 

Compound eye. 

Figures this plate drawn the same scale. 
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Cup-shaped egg. 
spherical egg. 


and Nauplii emerging from eggs. 
Early nauplius stage. 
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IV. 


Later nauplius stages. 


Figures plates III. and IV. drawn the same scale. 


Notations. 


Ocellus. 


First antenna. 

Compound eye. 

Second antenna. 
Mandible. 

Thoracic appendages. 

Gills. 

Ovisac. 

Intestine. 

Basal segment the first antenna. 
Distal segment the first antenna. 
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THE RELATIONS BETWEEN THE INTERSTITIAL 
GLAND THE TESTICLE, SEMINIFEROUS TU- 
BULES AND THE SECONDARY SEXUAL 
CHARACTERS.' 


LEO LOEB. 


The following observations may prove interest the analy- 
sis the relations between male gonads and secondary sexual 
characters. 

While, often the case, experiment nature, unaided 
experiments the laboratory, unable give definite 
answer the questions which raises, yet would present 
impossible duplicate will the laboratory experiment 
such observed and is, therefore, desirable that should 
recorded. 

Our observations were follows: 

Guinea pig No. 1523 had been sent our laboratory 
animal breeder female that had apparently been heat, but 
some respects behaved abnormally. The report the breeder 
was follows: 

female through her actions gave every sign being 
heat; but upon examining her, she did not look she 
really was heat. had her with two other females and she 
would mount them just the same male guinea pig would 
when the act copulation and she would also allow the other 
females act the same way. She would stand this posi- 
tion, meanwhile expanding the vagina, which generally sure 
sign their being heat. would say that she with young; 
least she should pregnant, because she had been with male 
for some time. Expect some young any 

The breeder made his observations July 1917. July 12, 
1917, the animal, which weighed 615 grams, was prepared for 
operation. Under ether anesthesia lumbar incisions were made, 


1From the Department Comparative Pathology, Wshhington University 
Medical School, St. Louis, Mo. 
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order expose the ovaries. Typical ovaries were, however, 
not found. Instead, encountered near the place where the 
ovaries usually are situated, but perhaps little farther down, 
somewhat large and round, rather soft bodies, each about the 
size pea, surrounded much fat tissue. cutting through 
the center the color was found slightly yellowish-brown. 
From here some fibrous bands extended downward the direc- 
tion which the uterine horns are usually situated. organ 
that resembled the uterus was not found. The vagina was also 
lacking. Neither was penis, vas deferens descended 
testicle visible. 

The brownish red bodies well pieces the fibrous bands 
were fixed Zenker. Both the bodies were completely cut 
into serial sections. Tissue from the places where the mammary 
glands are usually situated was also fixed and sectioned. 

Microscopic examination 

The round bodies situated below the kidney were seen, 
microscopically, consist testicle tissue which there was 
extraordinarily marked development interstitial gland. 
The testicle tubules were lined one layer epithelial cells, the 
outline which was not very definite. the center 
the tubules they formed network fine fibrils; sharply defined 
lumen therefore did not exist the tubules. The cells had either 
cuboidal cylindrical form far their indefinite outline 
permitted such characterization. some cases the whole 
protoplasm the cell was drawn towards the center the tubule 
tail-like structure. The nucleus was situated the center 
the cell and was very characteristic. represented clear vesicle 
which one deep-staining large nucleolus was visible. Occasion- 
ally the nucleolus divided into two parts. various places the 
tubules were lined with several cell rows. Sometimes the cyto- 
plasm and the nucleus one cell swelled, and such cell en- 
croached upon the territory the neighboring cell, lying more to- 
wards the center the tubule, pressing against it; and thusone cell 
surrounded, crescent like, the neighboring cell. Occasionally some 
cells degenerated, the nucleolus persisting longest, while the rest 
the nucleus had already disappeared. Mitoses were seen quite 
frequently these tubule cells and monasters well diasters 
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were found. The tubules were enveloped circular layer 
flat connective tissue cells, which were drawn out into long fibers 
with flat nuclei. Each tubule was surrounded several, usually 
two five, layers interstitial cells. Each tubule with the 
surrounding concentrically arranged interstitial cells formed 
group which was often quite sharply separated from neighboring 
similar groups through lymph vessels lymph-spaces and blood 
vessels and accompanying connective tissue strands. certain 
places larger blood vessels accompanied lymph vessels were 
found the tissue. Blood capillaries were numerous certain 
places. Occasionally tubule was found adjoining the connec- 
tive tissue directly, without being separated from the latter 
interstitial cells. The character the interstitial cells varied 
somewhat different parts the organ. Usually they were 
large polygonal, partly rounded off oval cells with large 
vesicular nucleus, which several small nucleoli were generally 
seen, instead the one clear nucleus which was characteristic 
the tubule cells. The nucleus the interstitial cell was not 
light and transparent the tubule cell. sizes the 
interstitial cells varied. The cytoplasm became vacuolar, 
first the periphery. the center there was still solid 
material staining red with eosin. Later the whole cytoplasm 
became finely vacuolar. This vacuolization was usually accom- 
panied considerable increase size the cells. some 
cases the vacuoles enlarged still more, the walls separating neigh- 
boring vacuoles disappeared and irregular cavities became visible 
the cells. those cases the nucleus became irregular and 
shrank, and when this last stage had been reached, the cell was 
evidently degenerating. finely vacuolar enlarged cells 
appeared otherwise normal and viable. These finely vacuolar, 
swollen cells occurred especially around the lymph vessels, 
perhaps also around certain blood vessels. must assume that 
substances reaching the cells from the circulation were deposited 
within the cells and caused the vacuolization, the nearness the 
source this substance determining the frequency and intensity 
with which these changes took place. Under the same condi- 
tions the accompanying fibrous tissue became edematous. Ap- 
parently the vacuolization the interstitial cells and the edema- 
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state the stroma are analogous phenomena. were only 
rarely able find mitoses the interstitial cells. this respect 
the latter differed from the tubule cells which mitoses were 
quite frequent. There could found one end each testicle 
system branching epithelial ducts, with narrow lumen. 
They were lined layer small and densely packed, usually 
cuboidal flat epithelial cells, with nuclei which filled the greater 
part the cells. these cells either one several nucleoli 
were found. one nucleolus was present the nucleus resembled 
that the tubule cells, except that was smaller. other 
places the lining cells and nucleus were low cylindrical. the 
lumen these ducts not infrequently some invaginations the 
epithelium were found. the one side the ducts formed 
union with the tubule the testicle. Between the two found 
transitional structures consisting part tubular and part 
duct epithelium. the other end the ducts entered the fat 
tissue which surrounded the testicle and made connection with 
some larger ducts. One change that took place number 
tubules needs special mention: few many, some places 
even the majority the tubule cells underwent certain changes 
which made them very similar interstitial cells. They en- 
larged, became polygonal somewhat round, and their cyto- 
plasm stained more strongly with eosin. The cytoplasm became 
finely vacuolar, first the periphery and later the greater part 
the cell undergoing this change. the same time the nuc- 
leoli divided into several particles which were dispersed the 
nucleus. The nucleus became round vesicle which had lost 
the transparency characteristic the nucleus the tubule 
cells. Accompanying this change the layer flat connective 
tissue cells which separated tubules and interstitial cells disap- 
peared and various places interstitial cells adjoined directly 
the tubule cells, both kinds having become very similar. Such 
changes seemed frequent especially places where the 
interstitial cells were swollen and had become finely vacuolar. 
Three interpretations this condition suggest themselves: 

result their enlargement the interstitial cells push 
into the tubules, and thus the appearance within the tubules 
typical tubule cells adjoining directly cells resembling interstitial 
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cells might explained. the same time the enlarged inter- 
stitial cells exerted pressure the tubule cells which made 
them crowd closer together than usual. This interpretation 
not admissible, because the cells within the tubule began 
swell time when the connective tissue layer separating tubule 
and interstitial tissue was not yet broken through. first the 
enlarging cells still possessed the nucleus characteristic the 
tubule cells and only gradually the character the nucleus 
changed concomitantly with the later stages the transform- 
ation. 

might assumed that actual transformation 
tubule tissue into interstitial tissue took place, and that the gland- 
like interstitial tissue was merely further differentiated tubular 
gland tissue. Many pictures seemed suggest such inter- 
pretation. However, the fact that many other places, es- 
pecially where the interstitial cells were still solid and smaller, 
and, therefore, younger, the line demarkation between tubule 
and interstitial tissue throughout was very sharp made, after all, 
this interpretation improbable. Furthermore, would con- 
tradicted what known the origin the interstitial cells. 

most probable that the same factors which produce the 
changes the interstitial cells, the same time called forth 
similar changes the tubule cells. Probably certain substances 
furnished the lymph blood vessels were simultaneously 
responsible for both sets changes. favor this inter- 
pretation might cited the fact that did not usually find 
the tubules that extreme vacuolization, which was present 
some the interstitial cells. therefore, inclined adopt 
the third interpretation. 

The round bodies which found near the place where nor- 
mally the ovaries are situated therefore represent undescended 
testicles. There system ducts leading from the testicle 
tubules the surrounding fat tissue. The tubules are relatively 
simple structures which spermatogenesis does not take place. 
The epithelium lining them corresponds the sustentacular cells 
the normal testis. present extremely marked 
development the interstitial cells. The structure this tes- 
ticle differs, therefore, markedly from the normal testicle the 
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guinea pig which consists principally tubules with several 
layers epithelium which are the process spermatogenesis. 
Between these tubules there very little stroma with blood 
vessels and very small number polygonal cells. 

Sections through the tissue, taken from the place where nor- 
mally the uterus situated, show fibrillar connective tissue 
which are situated nests composed rather large polygonal, 
cylindrical ellipitical cells, the protoplasm which stains well 
with eosin. The nuclei these cells are round vesicle with 
chromatic particles distributed rather diffusely. These cells 
form the matrix the neighboring fibrillar connective tissue. 
Through rarefaction the cytoplasm and through condensa- 
tion, backing together the nuclear chromatin these cells are 
transformed into the surrounding connective tissue. also 
studied microscopic sections the fat tissue which filled the 
space between the undescended testicle and the kidney, without 
finding any trace further testicular ovarian tissue. 

Mammary Gland.—The nipples the guinea pig were distinct 
and cut out pieces from the tissue where normally the mam- 
mary gland situated. the male few scattered ducts lined 
epithelium which mitoses not usually occur represent 
the mammary gland.' our case, very much furthergoing 
development the mammary gland was found microscopical 
examination. Sections through one the two mammary glands 
showed solid tissue consisting large number lobules 
mammary gland tissue, joined together thin strands 
fibrous tissue. whole gland was surrounded fat. Each 
lobule consisted acini lined cuboidal epithelium medium 
size. The nuclei were vesicular and relatively large. The 
lumen the acini varied size and often contained some colloid 
material desquamated cells. Occasionally acinus cell was 
found vacuolar. the stroma between the acini there 
were numerous small connective tissue cells. some places, 
where the interstices between the acini were somewhat wider and 
the stroma was slightly edematous, polynuclear leucocytes 
staining deeply with eosin were found. The largest ducts were 


the ducts the mammaty gland young male guinea pig, about days 
old, encountered however one mitosis. 
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usual surrounded denser fibrous tissue. one the 
gland system ducts and acini lined higher and larger 
epithelium extended into the surrounding fat tissue. The lumen 
these ducts and acini was wider. Mitoses could not seen 
the mammary gland. The mammary gland the other side, 
which was also surrounded fat, was smaller, least the 
amount gland tissue found sections, which had been through 
different parts the piece, was less; but still surpassed con- 
siderably that found normal animals. Furthermore, the acini 
were composed high cylindrical cells, surrounding rather 
large lumen. There were few desquamated cells the gland 
lumina, the acini being arranged around the larger ducts. Here 
and there mitoses were seen the acini. The stroma between 
the acini was loose texture and contained number fibro- 
blasts. 

Discussion.—The following are the chief points interest 
these observations: 

this case apparently deal with undescended 
testicle adult guinea pig. Such testicles have been observed 
man and several species animal, especially the horse and 
pig. This case example the same condition the rodentia. 
Common all cases which have been imper- 
fect development the seminiferous tubules and hypertrophy 
hyperplasia the interstitial cells the the 
literature concerning such cases may refer especially Bouin 
and Ancel (1) Tandler and Grosz (2), and Whitehead 
the features mentioned are present marked degree 
our case. Spermatogonia are completely absent; the tubules 
consist entirely Sertoli cells. The retention the testicle 
acted way comparable the ligation the vas deferens 
which brings about similar results which are, however, usually 
not quite far going. addition, very probable that the 
condition which prevented the normal descent the testicle was 
directly responsible for the lack development spermato- 
gonia. the overdevelopment the interstitial gland, 
those cases, may conclude that stands some causal rela- 
tion and subsequent the underdevelopment the seminif- 
erous tubules. various other conditions which atrophy 
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underdevelopment the tubules has been observed, pro- 
duced experimentally (ligation vas deferens, Roentgen ray 
injury the testicle (4) (5) and certain diseases) hypertrophy 
hyperplastic condition the interstitial gland has been 
noted. and Hoffman (5) suggest that this hyper- 
plasia comparable the substitutive growth connective 
tissue which takes place whenever parenchymatous elements are 
destroyed. This explanation, however, does not seem take 
into account the principal variations which have been observed 
the condition the interstitial gland. Bouin and Ancel (1) 
have shown that the horse the interstitial gland present 
the fetus; degenerates the immature animal and begins anew 
develop the time puberty. the sexually mature animal 
there seems exist certain antagonism between the activity 
the seminiferous tubules and the interstitial gland. The inter- 
stitial gland becomes hyperplastic cases which the tubules 
decrease activity and vice versa. Under the conditions 
tubular atrophy degeneration which named above the 
interstitial gland hypertrophies, and according Tandler and 
Grosz the mole, which sexual activity follows yearly cycle, 
the interstitial gland shows the greatest development time 
when the seminiferous tubules are least active. hibernating 
animals the interstitial gland decreases the period general 
metabolic inactivity (von Hansemann); similarly cases very 
pronounced general undernourishment, very marked degen- 
erative processes the testicle the interstitial gland suffers and 
may disappear. Some observations indicate, furthermore, that 
under certain conditions extirpation one testicle may lead 
hypertrophy the interstitial gland the second one. All 

these facts can evidently not explained otherwise than 

assuming that there are several factors active and that chemical 

and not merely mechanical substitutive factors play the 

regulation the growth the interstitial gland. Itseems bea 

general function gland and other epithelial cells stimulate 

through their activity the surrounding stroma. have de- 

scribed such occurrence especially connection with the 
cyclic growth the mammary gland, but seems phe- 
nomenon general significance. similar way may as- 
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sume that growth processes the seminiferous tubules stimulate 
the activity the connective tissue cells and those specialized 
connective tissue cells which have the potentiality becoming 
transformed into interstitial gland. This would explain the 
development the interstitial gland during embryonic develop- 
ment and the time puberty. might designate this 
the concomitant growth the interstitial gland. order 
explain the second kind growth the interstitial gland, 
which might call the growth,’’ must assume 
that ina certain way the activity the sexually active seminif- 
erous tubules exerts inhibiting effect the growth the 
interstitial gland and that diminution this inhibiting effect 
leads the growth the interstitial gland. 
analogous condition found the rabbit ovary which the 
atresia certain follicles leads secondary gland-like develop- 
ment the theca interna. How far such equilibrized con- 
dition maintained through chemical, how far through finely 
adjusted mechanical facters, not know present. How- 
ever, the somewhat analogous case the transformation the 
connective tissue cells the uterine mucosa into decidua, 
have analyzed the underlying factors experimentally and found 
that combination specific chemical and mechanical factors, 
which latter are likewise certain extent specific, responsible 
for this change (6). 

addition, the interstitial cells the testicle are accessible 
that chemical stimulation which implied compensatory 
hypertrophy and they are furthermore affected lack com- 
mon foodstuffs. 

The specific effects exerted the interstitial cells have 
been ascribed Bouin and Ancel certain products formed 
within the cells which microchemically behave like fats lipoids. 
found, our case, reasons for assuming that drop-like sub- 
stances were furnished the interstitial cells from the surrounding 
lymphatics and perhaps also from the blood capillaries. How 
far the substances taken from the circulation and perhaps 
modified within the cells are identical with the substances de- 
scribed Bouin and Ancel and Whitehead, cannot present 
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Various writers, especially Bouin and Ancel, concluded that 
the interstitial cells the testicle are responsible for the develop- 
ment sexual desire the male. Our observations seem 
confirm this view. The complete absence spermatogonia 
the tubules, together with the marked development the inter- 


gland was accompanied the presence marked mani- 


festations sexual instinct. 

Bouin and Ancel, Sfeinach (7, and Tandler and Grosz 
not only ascribe the interstitial gland the function cause 
chemically those nervous changes which find expression sexual 
desire, but the additional task enhancing the development 
the male sexual characters, allowing the full development 
prostate, penis, seminal vesicle, and suppressing the develop- 
ment the female secondary characters. Our observations 
apparently contradict these conclusions. our case, the very 
marked development the interstitial gland was accompanied 
the absence penis, seminal vesicles (and presumably 
prostate), and the other hand was associated with very 
marked development the mammary gland. The latter re- 
Dr. Hesselberg and the writer found certain stages the 
sexual cycle the female guinea pig (9). Our observations prove 
that the presence very strongly developed interstitial gland 
perfectly compatible with the existence certain female, and 
with the absence certain male secondary sexual characters. 
priori two interpretations this fact are possible: 

(a) The interstitial gland the testicle has not specific 
function the sense assumed especially Bouin and Ancel 
and Steinach. The interstitial gland specifically 
enhancing” its function, but the end effect does not only de- 
pend upon this specific action the interstitial gland, but also, 
and primarily so, the system which acts. reason 
for assuming that certain respect individual can com- 
pared more less sensitive balance his her sexual 
potentialities and that different individuals certain species 


differ the resting point their sexual equilibrium (10, 11, 12, 


13, 14). Without the interference hormones which are pro- 
duced the gonads, the point equilibrium some individuals 
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would neutral; others would deviating more less 
the direction toward the male; still others toward the female 
side. the whole the male would usually deviate the male 
and females the female side. However, differences exist 
this respect different classes and species animals and also 
individuals the same species. There are, furthermore, dif- 
ferences the relative degree stability this point equilib- 
rium. insects apparently very stable and little not 
all influenced hormones gonads; mammals the equilib- 
rium labile and readily influenced hormones the gonads. 
mammals, the male hormones can compared weights 
added the male side the scales and female hormones in- 
fluence the scales the opposite direction. seems probable 
that our case had deal with individual with imperfect 
male gonads which represented system with very slight ten- 
dency towards the male side and with relatively strong ten- 
dency toward the female side. such individual with ten- 
dency toward female secondary sexual characters even strong 
male hormone not able prevent the growth the mammary 
gland, and this female tendency probably some way con- 
nected with the suppression male secondary characters during 
embryonic development, and perhaps also directly indirectly 
with the failure the testicle descend its proper place and 
develop perfectly. such relatively stable system tending 
toward femaleness its secondary characters, even specific 
male hormone, such supplied the interstitial gland the 
testicle, has little chance become effective. Whether, under 
certain conditions, the hormone given off the interstitial 
gland the testicle might addition able promote growth 
the mammary gland, cannot decided the strength the 
evidence which have present. 


SUMMARY. 


shown that guinea pig with undescended testicle, 
which spermatogonia were lacking, and the interstitial gland 
was hypertrophic, sexual desire was strongly developed. 

attempt made analyze the various factors that de- 
termine the growth the interstitial gland the testicle. 


A 
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shown that, notwithstanding the presence hyper- 
trophic interstitial gland, there was absence male secondary 
sexual characters and that the mammary gland had female 
character. provisional interpretation these facts given 
the basis our present knowledge sex determination. 
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ADDITIONAL NOTE 


The foregoing paper was written without the knowledge 
two quite recent, very important publications Lillie and 
Chapin, which may bearing our observations, 
and which will therefore necessary briefly discuss from 


Lillie, Journal Exper. 1917, XXIII., Chapin, ibid. 
453- much indebted Prof. Lillie for calling attention these papers, 
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this point view. the first these two papers Lillie gives 
detailed account the anatomy the internal and external 
genital organs freemartins stages embryonic 
development and his interpretation the cause the abnor- 
malities and the second paper Chapin describes the micro- 
scopical findings these cases. follows from Lillie’s observa- 
tions and analysis that the sterile freemartin represents indi- 
vidual which was originally female, but which under the 
influence hormones carried into her circulation from the chor- 
ionic vessels male twin, the female characteristics were more 
less suppressed and male characters acquired. This not only 
applies the secondary sexual characters, but even the struc- 
ture the gonads. Chapin has shown, the development 
the ovarian cortex and ovarian follicles more less inter- 
fered with may altogether suppressed, and the medullary 
sex cords develop often way similar the seminiferous 


‘tubules, although spermatocytes spermatozoa not seem 


produced. The development the Miillerian ducts like- 
wise interfered with and seminal vesicles may develop instead. 
The external genitalia and the mammary gland are least affected 
the male forming substances, which according Lillie origi- 
nated the testicle the male twin and were from here trans- 
mitted the female twin; these latter organs remain usually 
female character. 

These important findings may have some bearing the 
interpretation our observation. There exist undoubtedly 
marked similarities between the condition found the freemar- 
tins and the condition the genital organs the guinea pig 
which examined. However, while Lillie and Chapin examined 
embryological material, have deal with adult 
our case observed gonad which shows the characteristics 
found testicles under various pathological conditions. Similar 
changes have been produced testicles experimentally under 
the influence Roentgen rays. The tubules, the character 
the cells composing them and particularly the nuclei closely 
resemble structures which found after transplantation 


Microscopic sections through the gonads older freemartin from the ma- 
terial Dr. Lillie show great similarity with our sections through the gonads 
the guinea pig. 
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testicle and epididymis the guinea pig. The interstitial cells 
are developed extraordinary extent. organs were cut 
complete serial sections and trace ovarian structure was 
found. Fromthedescriptionsgiven Miss Chapin, should judge 
that similar condition has not been observed the fetal gonads 
the freemartins. the guinea pig, uterus and vagina well 
vas deferens, seminal vesicles and penis were absent. While 
was unable find description the histology the mammary 
gland freemartins, observed our case typical female 
mammary gland with the added peculiarity that the mammary 
glands both sides were unequal. 

The question arises, whether the guinea pig which observed 
was analogue the freemartin cattle. Was this animal 
originally the twin sister brother, under whose influence the 
observed deficiencies were produced? While cannot defi- 
nitely exclude such possibility must consider the fact that 


neither ourselves nor anyone else has far observed twins with 


common chorion and deficiencies the development the sexual 
organs rodents. himself points out the great improba- 
bility such occurrence animals which the ova enter 
the uterine wall early date and which the uterine horns 
are separated. the other hand, accidentally observed 
several cases absence one uterine horn guinea pigs. Mal- 
formations the sexual organs therefore occur. very 
probable that similar malformations may due different 
interferences the embryo, just know that cyclopic con- 
ditions the eye can produced different ways. inter- 
preted our paper the conditions which found the guinea 
pig consisting essentially the presence abnormal, in- 
completely developed male gonad which generative cells are 
absent, and which the interstitial cells show unusually 
pronounced development. This maleness the gonad and 
especially the marked development interstitial gland 
associated with deficiencies the formation the efferent genital 
ducts and with female mammary gland. interpreted this 
unusual condition due the original female constitution 
the animal, the tendencies toward femaleness which prevented 
the male interstitial cells from exerting their specific influences 
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the mammary gland, this guinea pig should represent 
analogue the freemartin cattle, would have assume 
that the male characteristics the gonad were produced 
original female through the influence the testicular substance 
the male brother. While such origin has been made pos- 
sible through the findings Lillie, the essential point that, 
whatever the origin this condition, have every reason 
consider the gonad which described male. 

the complete examination the gonads serial sections 
which makes possible for exclude the presence ovarian 
structures this animal and prove the similarity the organs 
with the testicles found under certain experimental and natural 
pathological conditions. There reason for assuming that 
the gonads our case represented really ovarian tissue. 
have examined many hundred ovaries guinea pigs various 
ages and have never been able detect the ovaries guinea 
pigs structures resembling the interstitial gland the testicle, 
while the other hand such structures are strongly developed 
testicles which have been retained the abdominal cavity. 

The findings Lillie and Chapin suggest very strongly, and 
take this also the interpretation Lillie, that even the 
freemartin the gonad which originally was destined become 
female, assumes least part true male characters. this 
were not so, would difficult explain why seminal vesicles 
could develop freemartin. should expect that the auto- 
genous substances would prevent the heterogenous 
testicular substances from exerting such influence the 
secondary sexual organs the female twin. 

found our case marked development sexual instinct 
associated with the absence generative cells and with very 
marked development the interstitial tissue. Now, have 
pointed out previous papers, improbable that the guinea 
pig the interstitial gland responsible for the manifestation 
sexual desire the 


Leo, Zentralblatt Physiologie, 1911, XXV., No. and Loeb, Leo, 
“The Relation the Ovary the Uterus and Mammary Gland from the Experi- 
mental Surgery, Gynecology and 1917, XXV., (Areview 
the literature concerning this and other aspects the mechanism the sexual 
cycle.) accordance with the most widely accepted view assumed our 
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Typical interstitial cells are absent the normal ovary the 
guinea pig. should assume the gonads this guinea pig 
female our own observation would constitute decisive 
proof that also the female guinea pig the interstitial cells 
produce the substance which responsible for the sexual desire— 
conclusion which, however, stated above, would con- 
tradictory other facts which established previously. 

The case which described may compared single 
equation communicated nature, which two variables are 
present. While one equation not sufficient determine the 
unknown factors such case, the variables have least been 
carefully defined our case. may hope that later second 
equation will found which will permit defining all the variables. 
thought therefore interest that these observations should 
published. 
discussion that the so-called interstitial gland the testicle which responsible 
for the development the secondary sexual characters and sexual desire the 
male. wish, however, emphasize the fact that our case epithelial elements 
were present the testicle addition the interstitial gland and apriori can- 
not exclude the possibility that they and not the interstitial gland are the causative 
agency determining sexual phenomena. are likewise not certain that this 
can excluded those experimental and pathological conditions which the 
changes were attributed the interstitial gland. However are not directly 
concerned with this question and are not position contribute definite 
data which would favor contradict this view. wish, however, reiterate 


the fact that various occasions observations which not seem 


accord with the assumption that the ovary the so-called interstitial gland initiates 
heat. 
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The following observations senescence the 
were made the Puget Sound Marine Station, Friday Harbor, 
Wash., during the summer wish acknowledge 
obligation the director the laboratory, Dr. Frye, for the use 
room and the privileges the station, and for his kindness 
providing special glassware and other equipment. other 
members the staff also deeply indebted for many cour- 
tesies. 

The great abundance, variety and size 
Friday Harbor makes this extremely favorable locality for 
work these forms. During the summer 1917 five species 
Phialidium gregarium, cerulescens, 
Sarsia rosaria, Mitrocoma discoidea and Stomatoca atra could 
readily obtained considerable numbers, often the hun- 
dred, from the laboratory float, and five other species other 
genera were more less abundant, besides two species siphono- 
phores. The first four species named above furnished the ma- 
terial for the observations and experiments ageing, and the 
results are essentially the same all. 

The work was done entirely free-swimming medusz and 
essentially comparison younger and older individuals, 
attempt having been made obtain the medusa-bud stages 
before detachment from the the selection indi- 
viduals different age for experiment, size the animal and 
degree development the gonads were used superficial 
criteria age. might expected, these two criteria are 
general close agreement, for since the range variation 
size the given stage development not 
very great, larger medusa must general have undergone 
greater amount growth than smaller, and may therefore 


Pennanria progressive change physiological condition has been observed 
from earlier later stages medusa-buds (Child, pp. 


me 
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expected, age differences exist, physiologically older. 
has been shown for Planaria, and other simple animals (Child, 
Chapter IV.—VII.) physiological age not necessarily 
function the length time which the individual has lived, for 
nutrition, agamic reproduction and various other factors play 
determining the physiological age any given time. 
Size therefore far more adequate criterion age such forms 
than time. Moreover, since the development the gonads 
medusz progresses from relatively early stage sexual ma- 
turity the condition the gonads also serves measure the 
stage its life history which the animal has reached. 

The chief method employed was that determining the sus- 
ceptibility younger and older animals various agents. The 
general relation between susceptibility and age has been dis- 
cussed elsewhere (Child, and need only briefly re- 
stated. general, concentrations intensities sufficiently 
high kill without permitting acclimation, the susceptibility 
decreases with advancing age. low concentrations, which 
permit some degree acclimation, the susceptibility increases 
with advancing age because the young individual possesses 
greater capacity for acclimation then the older, therefore becomes 
more rapidly and more completely acclimated and dies later 
than the older, lives indefinitely, while the older dies sooner 
later. 

has been shown that relation exists between susceptibility 
and metabolic activity, more particularly the oxidative energy- 
freeing reactions. general, susceptibility the higher con- 
centrations intensities varies directly, and susceptibility 
the lower concentrations varies inversely the rate these reac- 
tions, because acclimation occurs more rapidly and more com- 
pletely where metabolic activity greater. This relation be- 
tween susceptibility and metabolic condition has been shown 
hold good not only for different individuals, g., young and old 
(Child, but for different regions the body single 
individual (Child, 

does not follow, however, from the existence relation 
between susceptibility and rate metabolism certain 
metabolic reactions, that all agents for which such relation. 


exists act directly upon the chemical reactions that they all 
act the same way. Much remains learned concerning 
the nature the action external agents living protoplasm, 
but the fact already clear that protoplasmic structure, aggre- 
gate condition, permeability, surface tension, etc., are associated 
with metabolic condition. Susceptibility given agent serves 
best merely indicator protoplasmic and metabolic 
condition and tells nothing concerning the way which the 
agent acts. our knowledge susceptibility different 
agents and conditions increases, find that under certain con- 
ditions different agents give different results, and such dif- 
ferences susceptibility relations often serves throw addi- 
tional light the physiological condition the protoplasm 
the action the agent, both. The general relations stated 
above hold for wide range agents and conditions, and 
primarily with these general relations that are concerned 
the present paper. 


AGE-DIFFERENCES BEHAVIOR. 

very conspicuous difference between young and old indi- 
viduals the much higher rate pulsation young animal 
and its progressive decrease with advancing age. Table 
gives characteristic data this point. 


iameter Body Pulsations Ser. 
Species. Mm. 14° 

Mitrocoma 


every species observed, ten all, similar difference the 
rate pulsation exists, the rate the sexually mature animal 
being most cases about half that the animal the beginning 
very early stages gonad development. repeated 
stimulation the rate may often somewhat increased, particu- 
larly old animals, but the differences animals under ordinary 
conditions are the order magnitude indicated. This dif- 
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ference pulsation rate itself indicates very marked decrease 
metabolic rate with advancing age. Mayer has noted 
that the scyphomedusa Cassiopeae the rate pulsation de- 
creased with advancing age. 

Young and old animals also differ their behavior another 
way. Under the usual conditions periods consisting larger 
smaller number pulsations alternate with periods rest. 
The total length pulsation periods compared with rest 
periods decreases with advancing age; other words the younger 
animal spends larger portion the time than the older 
rhythmic pulsation. Pulsation periods may either longer 
more frequent both the younger animal than the older. 
this difference perhaps even more strongly marked 
than other forms observed. the large, sexually mature 
animals mm. diameter, when under natural and far 
possible constant conditions, the periods quiescence are 
often one two minutes long, sometimes even longer, the animal 
drifting passively during this time without single pulsation. 
Following such quiescent period single pulsation 
pulsation period may occur. Under the same conditions the 
quiescent periods young animals 15-20 mm. diameter are 
usually very much shorter, commonly only few seconds and 
the pulsation periods are usually longer than the old animal. 
The young animal then more continuously active and gives 
the impression much greater degree since 
usually impossible distinguish any external exciting factor 
responsible for the beginning pulsation after period quies- 
cence. the other species observed similar differences between 
young and old exist, but periods quiescence are usually shorter 
than 

The irritability the young animal indicated the effec- 
tiveness direct mechanical stimulation inducing pulsation 
during quiescent period distinctly greater than that the 
old. Usually the quiescent animal the earliest stages 
gonad-development responds pulsation the slightest touch 
the marginal region, while the sexually mature animals com- 
monly respond only much more intense mechanical action. 
These differences between younger and older medusz show 
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course considerable range variation different individuals, 
but are nevertheless striking features the behavior these 
animals when attention directed them and they remind one 
irresistibly age differences behavior much higher animals. 
The apparent restlessness and spontaneity, the more rapid pul- 
sation rate, and the greater irritability the young animal 
compared with the old all suggest that these, other 
organisms, for known, the life history the individual 
from early stage process physiological senescence which 
expresses itself dynamically decrease rate intensity 
the fundamental energy-liberating metabolic reactions. 


SUSCEPTIBILITY. 


determining the susceptibility the animals various other 
criteria besides death and disintegration may used check, 
viz., cessation rhythmic pulsation, the disappearance mus- 
cular contractility and shrinkage jelly some agents. 
regards the relation between susceptibility and age all these 
criteria give the same results. usually difficult impossible 
determine the exact time when animal ceases respond 
stimulation rhythmic pulsation slow muscular contrac- 
tions and the early stages shrinkage and disintegration are 
not less difficult determine. The times given the following 
tables represent approximations only. Frequently pulsation 
contractility present one observation and absent the next, 
and the time its disappearance can only estimated. Never- 
theless there difficulty distinguishing the differences 
susceptibility between young and old animals. The experiments 
were mostly performed with single pairs, one young, one old, but 
some cases two three each were used. 


cerulescens. 


This, being one the most abundant species, was used 
large extent. The smallest and youngest individuals found were 
8-10 mm. diameter, without gonads, the largest, and oldest, 
sexually mature animals mm. diameter. The chief 
results are tabulated below. these tables the following 
given time indicates that this estimated from two observa- 
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tions between which the change question occurred, and 
indicates that the change process did not begin until after the 
close the experiment. this species cessation pulsation, 
disintegration and some cases loss contractility are available 
criteria susceptibility. The jelly very firm and does not 
shrink any great degree any agent used. 

The three tables agree showing greater susceptibility 
young than old animals, indicated cessation rhythmic 
pulsation, loss muscular contractility and disintegration. 
Special attention must called certain points. Table II. 


TABLE II. 


KNC. 


No Pulsa- 


Series Diameter Conc. Duration after tion Disintegra- 
in Mm. Experiment. Stimulation. | Stimulation. tion. 
hrs. 
IV. 


interest note that KNC m/10000 about effective, 
some cases more effective than much higher concentrations, 
m/500, m/200, stopping pulsation. has been observed 
other cases (Child, that rapidity action KNC 
and certain other agents, indicated death other effects, 
increases only slightly with increase concentration above 
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certain limit may even decrease. The facts suggest that the 
high concentrations may decrease permeability themselves, 
least certain limit where their action becomes violently 
destructive protoplasm, and practically instantaneous. 

Table HCl and Table KOH, the action stopping 
pulsation increases very rapidly with increasing concentration, 


TABLE III. 


SUSCEPTIBILITY 


Series. Diameter Conc. Duration tion after after Disintegra- 
Mm. Experiment. Stimulation. Stimulation. tion. 
| 
| 
} 
m/400 hr. 
B..| 
5 
A..| once 


proportionately much more rapidly than the concentration, 
because more less acclimation the lower concentration 
occurs. HCl m/1500—not tabulated—acclimation occurs 
the young animal greater degree than the old, After 
five days this concentration the young animal still shows well- 
marked rhythmic pulsation after mechanical excitation while 


4 
4 
4 
q 
4 
| | | 


CHILD. 


the old animal cannot induced pulsate. concentrations 


m/1000 higher, the young animal always the more sus- 
ceptible (see Table III.). 


The records the loss muscular contractility are very in- 
complete, but evident that rhythmic pulsation and general 


TABLE IV. 
SUSCEPTIBILITY KOH. 
Series. Diameter Conc. KOH. Duration of Pee Disintegra- 
“ in Mm, | Experiment. Stimulation. tion, 
min. 4-6 hrs. 
IV. m/800 hrs. 
once 2-4 hrs. 


muscular contraction are not the same thing. Contractility 
the muscles the umbrella persists all three agents long after 
ability pulsate has disappeared, except concentrations 
high that death practically instantaneous. 

complete but temporary inhibition pulsation lasting from 
few seconds several hours occurs almost all cases 
m/600. Above m/600 inhibition usually permanent. 


7 


the lower limit concentration for temporary inhibition only 
the young member pair inhibited; with somewhat higher 
concentration both are inhibited for short time but the young 
animal usually resumes pulsation before the old the differences 
age are not too extreme. the concentration increases, the 
length the inhibition increases more rapidly the young 
than the old, until about the upper limit permanent inhibition 
occurs once the young animal while some slight pulsation 
may reappear sooner later the old. short the age dif- 
ferences susceptibility appear here other features the 
action external agents. 

Experiments recovery after temporary exposure agent 
showed that the relation between recovery and age the same 
other forms examined. The reappearance the pulsation 
response stimulation the criterion recovery used. Where 
the concentration not too high, the exposure too long the 
difference age between the animals too great, the young will 
recover before the old return water, but with higher con- 
centrations longer exposures and greater differences age the 
old animal recovers earlier and-usually more completely than the 
young. These relations between recovery, age, concentration 
and period exposure are course merely special case the 
age-susceptibility relation. higher concentrations longer 
times exposure the young animal more susceptible than the 
old, but low concentrations short times exposure able 
adjust itself more rapidly recover more rapidly afterward 
than the old (Child The degree difference between 
young and old animals also differs widely with different agents, 
because acclimation some agents occurs much more rapidly 
than others. The observations recovery and its limits are 
yet only fragmentary and further work necessary before 
complete statement can made. 

Some the data experiment with m/500 will serve 
example recovery. Animals mm. and mm. are 
placed m/500 and intervals pair, one each size, 
returned water. the young animals all pulsation ceases 
once HCI, the old ceases after two minutes. return 
water after minutes pulsation usually reappears 
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after minutes both old and young, often slightly earlier 
the young. After one hour pulsation reappears after 
minutes the old, and after minutes the young and 
after hours pulsation reappears the old after 25, 
the young after minutes. The longer the exposure the 
more the young animal falls behind the old recovery. After 
minutes m/400 young animals 18-20 mm. did not re- 
cover all while old animals mm. showed slight pulsation 
after four hours water. Recovery after KNC much slower 
and occurs only much lower concentrations. 

all concentrations KOH from about m/250 
primary acceleration pulsation rate and increase strength 
contraction occurs, but concentrations higher than m/250 
pulsation usually ceases once few seconds. During 
this primary acceleration the pulsation rate often doubled, but 
since the maximum rate usually persists only few seconds and 
followed progressive decrease rate difficult deter- 
mine whether the degree primary acceleration differs char- 
acteristic way with age. certain, however, that the retarda- 
tion following the acceleration occurs more rapidly young than 
old animals, that pulsation ceases first the young, 
Table IV. indicates. 

The opposite primary effects acid and alkali the pulsation 
rate are what might expected the light what know 
their action living protoplasm general. lethal concen- 
trations, however, their action, following the primary effect, 
essentially similar and the relations between susceptibility and 
age are the same for both. 


discoidea. 

this species the jelly much less firm than and 
marked shrinkage occurs the young animals acids and some 
other agents. Muscular contraction distinguished from pulsa- 
tion much more frequent even nature than 
Frequently contraction brings about folding the umbrella 
with the two halves the margin approximated apposed along 
straight line, the margin may become square very irregular 
outline. The contracted condition may persist for several 
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minutes, after very strong stimulation hour two before 
return the usual form and resumption pulsation occur. 
the ability contract persists long after the 
ability pulsate has disappeared. 

the chief data obtained with are given. 
They are essentially similar those for 


TABLE 


Mitrocoma: 


114 hrs. 


hrs. 


hrs. hrs. hrs. ... 


hrs. 


hrs. 
hrs. hrs. 


hrs. hrs. ...? 
hrs. 


hrs. 


hrs. 


hrs. 


once 


The first series m/1500 shows acclimation re- 
gards the effect pulsation rate, pulsation persisting longer 
the young than the old. also some degree 
acclimation usually occurs this concentration (p. 53). The 
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m/1000 
IV. 
A| 20 | 
m/650 
VI. 
B) 60 
A 
VIL. 
hrs. 
VIII. 
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long persistence pulsation both members the pair 
Series VI. m/650) compared with the other series 
anomalous and reason for known. Otherwise the data 
the table are consistent and show that for the concentrations 
included, except m/1500, the young animal more susceptible 
than the old. 

Results with KNC show similar relations between age and sus- 
ceptibility, course with much lower concentrations. The 


results one series pulsation susceptibility are given 
Table VI. 


TABLE VI. 
Mitrocoma: SUSCEPTIBILITY PULSATION KNC. 
Series. Conc. KNC. Pulsation. 
Pulsation only retarded: rate 
60 | 
Very slight, irregular. 
B.. 55 | | “ 15 “ 


first pair, m/100000, the susceptibility shown, 
not the time cessation pulsation, but the retardation 
the rate. the beginning the experiment rate 
rate approximately, but after five hours rate rate 
the second pair, III., m/50000, pulsation the young animal 
almost completely inhibited after 544 hours, while the old 
still strong. Here rate was very much lower than rate 
the higher concentrations pulsation ceases few minutes. 

few experiments with other agents give similar results. 
neutral red animals 18-20 mm. long cease pulsate, undergo 
shrinkage and begin disintegrate much earlier than animals 
mm., although marked difference rate intensity 
staining apparent. methylene blue 1/30000, increased 
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1/15000 after hours, the animals live for several days with all 
cellular tissues stained. After hours pulsation rate 
pulsation rate approximately, where and are animals 
18-20 and 50-60 mm. respectively. 


Phialidium gregarium. 

The youngest animals found were mostly mm. diameter, 
while the old, sexually mature individuals measured 20-25 mm. 
Only few series susceptibility experiments were made with 
this species, m/1500, m/800, m/600, neutral red and 
methylene blue being used. The susceptibility relations are 
similar those observed the other species. this rather 
delicate form shrinkage characteristic feature the action 
various agents, the younger animals undergoing shrinkage 
earlier and greater degree than the old, decrease half 
three fourths diameter occurring many cases. 


rosaria. 


this species the umbrella very deep, the oral-aboral axis 
being almost quite twice the diameter. Depth therefore 
more convenient measure size than diameter and commonly 
used. The sexually mature animals average about mm. 
depth umbrella, but the extremes range from 10-12 mm. 
the one hand mm. the smallest and young- 
est animals found, 6-7 mm. depth, the gonads had already 
begun develop, and although the susceptibility these forms 
characteristically greater than that the mature individuals 
the differences age and susceptibility the animals available 
are not great the other species examined. 

general, results with this species are similar those with 
others but some pairs individual 12-15 mm. showed sus- 
ceptibility equal even greater than that mm. animals. 
Since none the animals within these limits size represent 
very great differences physiological age, all being near sexual 
maturity, expected that occasionally larger animal 
will show higher susceptibility than smaller. 

The agents used were KNC m/50000, m/10000, m/5000, 
m/600, m/500, m/400, neutral red and methylene blue, 
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and the age differences appeared all with the few exceptions 
above noted. One these exceptions was rather remarkable. 
KNC animals 7-8 mm. usually lose the ability 
pulsate, even stimulation, 3-10 minutes, animals after 
1-2 hours, while the times for cessation pulsation 
are respectively minutes and 3-10 minutes. one case, 
however, KNC animal mm. ceased pulsate 
three minutes, while animal mm. the same closed con- 
tainer continued pulsation during thirty minutes, longer 
observation being impossible. For some reason this particular 
animal was practically insusceptible KNC concen- 
tration which stops pulsation the younger individuals the 
other species examined minutes less and other younger 
individuals Sarsia 1-3 minutes. This extreme exception 
merely recorded without any attempt account for it. The 
observations Sarsia indicate wider range physiological 
condition animals given size than the other species 
examined, but they afford clue interpretation condition 
extremely exceptional this. 


CONCLUSION. 


The preceding data make evident that the hydromedusa, like 
other animals, undergoes progressive change physiological 
condition with advancing development, the differences beha- 
vior and susceptibility being indicators this change. has 
been shown that other forms decrease the rate oxida- 
tions characteristic feature the change and the facts indi- 
cate that similar decrease occurs here, although these forms are 
not very favorable material for the direct determination 
oxygen consumption CO,-production. The assumption that 
the differences susceptibility are due merely differences 
permeability surface membranes refuted the results ob- 
tained with neutral red and methylene blue and the cases 
acclimation. Moreover, there every reason believe that 
the age differences susceptibility cyanides are least more 
directly associated with the oxidation rate than with permeability. 

regards permeability, however, becoming more and 
more evident investigators this field that the condition 
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the membrane not independent the metabolic condition 
the protoplasm. Permeability various agents itself within 
certain limits indicator age physiological condition 
the cell. 

The progressive change behavior, the decrease pulsation- 
rate and indicate very clearly process phys- 
iological senescence and the data susceptibility only confirm 
and extend the facts observation. 


SUMMARY. 


Four species show evidence process 
physiological sensecence the decrease pulsation-rate and 
apparent spontaneity and the decrease susceptibility 
KNC, HCl, KOH and dyes various concentrations 
with advancing development. The criteria susceptibility 
are change rate cessation pulsation, loss contractility, 
shrinkage the jelly and disintegration cellular tissues, and 
all these criteria agree. The facts justify the conclusion 
decrease the rate metabolism, more specifically oxida- 
tions, characteristic feature this process senescence. 
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